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3Secondary metabolites of plant extracts consist of several
thousand molecules that are diversified both by chemical
structures and biological activities. Among the biotic
interactions, one can underline defensive or repulsive
chemical strategies on one hand, and associative or attractive
signals on the other hand. All these signals are linked to the
plants producing specific secondary metabolites intended to
be received by different plants, animals or microorganisms.
For example, the defensive strategies of plants imply the
production of bioactive compounds which can be toxic, anti-
nutritional, deterrent or alerting against herbivores or
pathogens. The plant can produce secondary metabolites
(e.g., alkaloids) to intoxicate non adapted herbivores in
response to the damage they cause to the plant. Other
secondary metabolites are deterrent (e.g. tannins) to check
the herbivores from eating the plants. These secondary
metabolites represent “constraints” to which the herbivore
needs to adapt. In turn, the herbivores developed different
adaptive strategies to confront the phytotoxins e.g. ruminants
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ABSTRACT
Use of antibiotics in animal feeds was banned hence researches on alternative natural products that can modulate
ruminal fermentation have been intensified. Plant extracts are considered as natural compounds that can replace antibiotics
as safe and sustainable alternatives. Extracts contain some plant secondary metabolites (PSM) that are a natural resource
and are largely unexploited in ‘conventional’ animal production systems. They are considered as a source of anti-
nutritional factors and not as a source of exploitable performance-enhancing compounds. Recent and continuing changes
to legislation controlling the use of animal feed additives have stimulated interest in bioactive PSM as alternative
performance enhancers. Interest is largely on their manipulative role in digestive and absorptive processes of the hindgut.
The aim of the present review is to discuss the use of plants and their extracts to manipulate the rumen microbial
ecosystem to improve the efficiency of rumen metabolism. The bioavailability of PSM and their actions on peripheral
metabolism will be considered with a view to improve animal performance. In order to fully exploit their bioactive
properties for the benefit of animal performance, modes of action need to be understood.
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when they eat mixtures of different plant species containing
complementary or antagonistic toxins (e.g. tannin-plants with
alkaloid-plants); this digestive chemical interaction leads to
neutralize phytotoxins in the animal body. Apart from the
animals defensive mechanism to secondary metabolites, there
are also associative interactions between plants and animals.
For example, some volatile compounds (e.g. terpenes) are
released by the plants to attract pollinators; in addition to
these volatiles, pigments such as anthocyaneins or
carotenoids attract specifically some pollinators that the plant
would “call”. In soils deficient in nitrogen, legumes can
release secondary metabolites (such as flavonoids) in their
roots to attract symbiotic bacteria: such microorganisms will
in turn fix the atmospheric nitrogen to transmit it to the plant
for photosynthesis; on the other hand, the plant will provide
the nutritive organic matter (compounds) for its microbial
partner (nitrogen fixing bacteria).
In ruminants, plant extracts rich in secondary metabolites
(e.g. PSM) such as Salix babylonica and Leucaena
leucocephala extracts (Salem et al. 2010b, Jiménez-Peralta
et al. 2011) or herbs, organic acids and essential oils
(Hernández et al. 2004) seem to be candidates of interest as
alternatives to antibiotic growth promoters (Patra et al. 2006,
Jiménez-Peralta et al. 2011). Tannins are one of the several
categories of useful antimicrobial phytochemicals (Cowan
1999) and results appear most promising (Mueller-Harvey
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2006) in ruminants. In recent years, the role of tannins has
attracted increased interest because they reduce
gastrointestinal parasites in mammals (Salem et al. 2010b).
The beneficial effects of plant extracts are related to their
influence on microbial fermentation. It has been considered
that these additives will be replaced by natural compounds
and they form dietary protein complexes that also protect
them from microbial fermentation. Once they bypass the
rumen, the complexes dissociate under the acidic conditions
in the abomasum and proteins become available to the host
animal (Table 1).
The beneficial effects were attributed to the binding of
ammonia to saponins. Besides the traditional use of plant
extracts as flavour enhancers in foods, plant extracts may
also be used as antimicrobials and antioxidants, thus, various
novel applications have recently been proposed: (i) to
decrease the ammonia level in the atmosphere, (ii) to suppress
or stimulate microbial growth, (iii) to increase binding of
ammonia during urea ammoniation of straw and binding of
ammonia in the soil, (iv) to reduce odors from cattle manure
in dairy barns (Makkar et al. 1998).
Plant extracts  (Table 2) improved animal growth
performance and nutrient digestion due to a positive effect
of PSM on ruminal microorganism activity (Jiménez-Peralta
et al. 2011, Xu et al. 2010) or increased amino acid flow to
the duodenum (Muller-Harvey 2006). This can result in more
muscle deposition and, consequently, higher slaughter
weights and heavier carcasses and meat quality (Mapiye
et al. 2010).
Some rumen bacterial species are capable of metabolizing
phenolic compounds (Salem et al. 2010a) and may act as
catalysts for fiber degradation by increasing access of
fibrolytic bacteria to cell wall polysaccharides in the diet.
Therefore, PSM have beneficial effects on rumen function
due to their stimulating impact on ruminal fermentation, and
increased degradabilities of CP and plant cell wall
constituents, as well as increasing microbial protein
production. Numerous recent studies have attempted to
exploit PSM as natural feed additives to improve efficiency
of rumen fermentation. PSM could enhance protein
metabolism, decreasing ruminal methane production,
reducing nutritional stress such as bloat and/or improving
animal health and productivity (Patra et al. 2006).
Anti-helmintic properties of PSM improve nutrient
digestibility, ruminal fermentation activities and animal
health (Salem et al. 2010b).
Plant extracts are rich in plant secondary metabolites that
could positively affect nutrients feed intake and digestibility,
ruminal fermentation activities and animal performance.
Nonetheless, research is needed to adjust daily doses to the
animal diet.
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